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Abstract: 
Mosquitoes serve as vector for various tropical and subtropical diseases which 
cause destructive effects to humans. Development of resistance to insecticides 
and wide spread environmental pollution necessitate a continued search for 
alternative pest control as well as vector control strategies. The present study 
was undertaken to evaluate the larvicidal activity of various extracts of boiled 
and unboiled leaves of Citrus grandis against Culex quinquefasciatus. Various 
concentrations (20 mg/200ml, 40 mg/200ml and 60 mg/200ml) of the Citrus 
grandis extracts were tested against fourth instar larvae of Culex 
quinquefasciatus. The larval mortality was observed after each 24 h of 
exposure. All the extracts showed significant larvicidal activity against Culex 
mosquito at 0.05 level of significance (p<0.05) however, the highest larval 
mortality was found in 30% boiled extract of leaves as it took least time (5 days) 
to give 97% mortality. The results indicated that the aqueous leaf extract of 
Citrus grandis is effective against Culex quinquefasciatus mosquito larvae and 
need to be explored for its possible use in the control of mosquito population. 
Keywords: Larvicidal activity, resistance to insecticides, control of mosquito 
population. 
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INTRODUCTION 
Vector borne diseases are a major source 
of illness and death worldwide. Mosquitoes are 
one of the most important vectors that alone 
transmit diseases to more than 700 million 
people per annum (Tripathi, 2003). They  
transmit  deadly  diseases  like  malaria,  
filariasis,  yellow  fever,  dengue  and  Japanese  
encephalitis; contribute significantly to poverty 
and social debility in tropical countries (Jang et 
al., 2002). The mosquitoes have attained their 
place in the world by the evolution of highly 
specialized anatomical characters (Service, 
1983). 
Mosquitoes, in their role as vectors, are 
critical components in the transmission cycle of 
many disease causing pathogens that affect 
hundreds of millions of people world-wide 
(Reiter, 2001). Mosquitoes are regarded as 
public enemies because of their biting 
annoyance, noise nuisance, sleeplessness, 
allergic reactions and disease transmission due 
to their bites. Species of Culex, Aedes, and 
Anopheles mosquitoes are responsible for the 
transmission of many human pathogens that 
cause various diseases. The capacity of different 
mosquito species to transmit the pathogens 
varies greatly, and much of this variation can be 
attributed to the mosquito immune system's 
ability to recognize and eliminate the pathogen 
(Barr, 1957). 
Culex quinquefasciatus (the southern 
house mosquito) is an important mosquito vector 
of viruses such as West Nile virus and St. Louis 
encephalitis virus that cause lymphatic filariasis. 
The ability of C. quinquefasciatus to take blood 
meals from birds, livestock, and humans 
contributes to its ability to vector pathogens 
between species. This nighttime-active, 
opportunistic blood feeder is a vector of many of 
pathogens, several of which affect humans 
(Barr, 1957). Although the Culex mosquito is not 
a primary vector for prevalent mosquito-borne 
diseases such as malaria, dengue and yellow 
fever, it can transmit a number of other illnesses 
that can present serious health problems to 
human beings. It is known to contribute to the 
spreading of the West Nile Virus, filariasis, and 
encephalitis (WHO, 2010). 
Culex larvae feed on biotic material in the 
water and require between five to eight days 
completing their development at 30°C. The 
larvae progress through four larval instars, and 
towards the end of the fourth instar they stop 
eating and molt to the pupal stage. Following 36 
hours at 27°C the adults emerge from the pupal 
stage (Gerberg et al., 1994). 
Control of larvae can be accomplished 
through use of contact poisons, growth 
regulators, surface films, stomach poisons 
(including bacterial agents), and biological 
agents such as fungi, nematodes, copepods, 
and fish (Walker et al., 2002). Insecticides can 
be used to control larvae and adults. Insecticide 
application although highly efficacious against 
the target species, vector control is facing a 
threat due to the development of resistance to 
chemical insecticides resulting in rebounding 
vectorial capacity (Liu et al., 1990). Furthermore, 
they are responsible for substantial hazards to a 
variety of non-target organisms and environment 
in the form of biomagnifications (Sarwar et al., 
2009; Yildirim et al., 2012). Therefore, 
researchers have diverted their attention since 
few decades ago towards the plant world, which 
are eco-friendly and cost effective.  
To alleviate these problems, major 
emphasis has been on the use of natural plant 
based products as larvicides which can provide 
an alternate to synthetic insecticides (Zhu et al., 
2006). Larvicides are applied to bodies of water 
near where the larvae are concentrated. This 
method reduces the greatest number of 
immature mosquitoes with the least amount of 
pesticide.  
Larvicides  of  plant  origin  are  currently  
receiving  considerable  attention  because  of 
their relatively harmless biodegradable 
properties. Since 1920s more than 2000 plants 
have been tested for insecticidal properties. 
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Recently, lot of research work is being carried 
out to search for alternative eco-friendly effective 
larvicides from botanical origin (Singh et al., 
2010). Many plants have been found to contain 
chemicals which are helpful for the control of 
insects (Robert, 2001; Ullah et al., 2018; Iqbal 
and Ashraf, 2018; Shahzad et al., 2018) and are 
useful for field applications in mosquito control 
programme (Kalyanasundaram and Das, 1985). 
The grapefruit is the fruit of a citrus tree 
(Citrus Decumana or Citrus Grandis) called 
Pampelmusa. Alcoholic extract of its leaves 
possess moderate antibacterial activities against 
Bacillus subtilis, B. cereus, B. magaterium, 
Shigella dysenteriae, S. sonnei, Salmonella typhi 
and Vibrio cholerae (Khan, 2009). 
The aim of this work was to find out an 
easiest, cheap and nontoxic way to control 
mosquito population at its larval stage. For this 
purpose, the larvicidal efficacy of Citrus grandis 
was assessed against the fourth instar larvae of 
Culex quinquefasciatus by making different 
concentrations of aqueous extract of leaves of 
Citrus grandis (grapefruit). 
 
MATERIALS AND METHODS 
Collection and identification of mosquito 
larvae  
Mosquito larvae were collected from 
different localities of Lahore in the 1
st
 week of 
April. They were brought to the Zoology 
research laboratory, Govt. Post Graduate 
Islamia College for Women Copper Road Lahore 
and the larvae were transferred into a beaker 
containing 500ml of water (Figure 1). 
The larvae were identified as Culex 
quinquefasciatus with the help of the following 
morphological key features.  
 Make an angle with water surface. 
 Short and slender breathing tube. 
 Gills are blunt. 
 Five and more branches of hair on head. 
They were brought to the Entomology 
Department of IPH where they were confirmed 
as 4
th
 instar larvae of Culex quinquefasciatus 
and were placed in water filled beaker covered 
with fine net (Sattar et al., 2016). 
 
Fig. 1. Culex larvae collection. 
 
Collection of plant material  
The leaves of grapefruit were collected 
from Shah-kott town, near Faisalabad. They 
were identified and authenticated by the Botany 
Department of Govt. Post Graduate Islamia 
College for Women Cooper Road Lahore (Figure 
2).  
 
Fig. 2. Leaves of grapefruit (C.grandis). 
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Two parameters were selected for study: 
1. Unboiled leaves of grapefruit 
2. Boiled leaves of grapefruit 
Fresh leaves of grapefruit were washed with tap 
water. 1200g of leaves were divided into two 
equal amounts, for two parameters of leaves, 
one for boiled and other one for unboiled.                  
Preparation of unboiled leaves extract 
For making 10% concentration 20g of 
leaves were taken. Leaves were grinded in 
200ml of distilled water. This extract was then 
filtered through muslin cloth and the filtrate thus 
obtained was stored in plastic bottle for 
experimental use as a stock solution. Similar 
procedure was adopted for making 20% and 
30% by taking 20g and 40g leaves in 200ml of 
water respectively. 
Preparation of Boiled leaves extract 
For making 10% concentration, 20g of 
leaves were taken. Washed leaves were boiled 
in 200ml of distilled water for 30 minutes at 
moderate flame. This extract was cooled then 
filtered by muslin cloth. Similar procedure was 
adopted for making 20% and 30% by 20g and 
40g leaves in 200ml of water respectively.  
Three stock solutions were made for 
boiled leaves by this method (10%, 20% and 
30%) in 200ml of water respectively. The filtrate 
thus obtained was stored in plastic bottle for 
experimental use as it will be used as stock 
solution. 
Bioassay 
Two sets of plastic glasses of 300ml 
capacity were taken, each set consisted of 6 
glasses. These glasses were fitted into the 
thermo pore sheet by making holes into the 
sheet. Set one was labeled for boiled leaves 
extract and second for unboiled leaves extract. 
In each set two replicates were made for each 
extract. Replicates of each concentration were 
named as sample A, sample B and sample C. 
Glasses of one set had  boiled leaves extract of 
different concentrations (10%, 20% and 30%) 
while the other set of glass have unboiled leaves 
extract of different concentration (10%, 20% and 
30%). To determine the larvicidal bioassay ten 
4
th
 instar larvae of Culex quinquefasciatus were 
transferred in each glass with the help of 
dropper (Figure 3). 
         
 
Fig. 3.  Experimental setup, boiled and unboiled 
leaves extract of C. grandis. 
 
Two dishes (4.5cm x 25cm x 18cm) were 
used as control and they just contained 1000 ml 
distilled water and ten larvae. One control was 
run for each parameter. A pinch of food which 
consisted of dog biscuit and yeast powder in 3:1 
ratio was sprinkled on each glass and dish. All 
dishes and glasses were covered with fine net to 
avoid egg laying of any other insects (Figure 4). 
The glasses and dishes were held at a 
temperature of 30-33°C. 
The mortality and survival rate of these 
larvae was checked after 24 hours. Motionless 
larvae were considered as dead ones for 
mortality calculation. Dead larvae can be 
recognized easily as they do not show any 
movement on disturbance and they were 
removed from dishes to avoid any confusion and 
degradation. The percentage morality was 
computed/calculated by the Abbot formula. 
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Percentage mortality =  
Number of dead larvae /          
        Number of introduced larvae x 10 
            
   
Fig. 4. Larvae in disposable glasses covered 
with fine net. 
 
Statistical Analysis 
The statistical tools that were used in this 
study are Abbot’s formula for determining the % 
mortality, Analysis of variance (ANOVA) to 
determine the significant difference on the 
mortality of Culex quinquefasciatus between the 
control and experimental group. The SPSS 
version 18 was used to calculate the F and P 
values of the ANOVA. The mean value equal or 
less than 0.05 was considered significant. 
 
RESULTS 
The crude aqueous extract of Citrus 
grandis leaves (10%, 20% and 30% 
concentrations) showed the larvicidal activity 
when tested against Culex quinquefasciatus 
mosquito 4
th
 instar larvae.  
Larvicidal effect of boiled leaves extract 
The 10% concentration of boiled leaves 
extract showed 80% mortality of larvae after 5 
days of treatment, while 87% mortality of larvae 
after 6
 
days. The survival rate of larvae in 10% 
concentration was 13% after 6 days. Boiled 
leaves crude aqueous extract of 20% 
concentration showed 73% mortality of larvae on 
6
th
 day of experiment while overall mortality was 
83% after 7 days. And the survival rate of larvae 
was 17% after 7
 
days. In 30% concentration 
93% mortality was recorded on 5
th
 day and 97% 
mortality was observed after 6
 
days of treatment. 
The survival rate of larvae was 30% after 6 days. 
In the control of boiled leaves extracts, all the 
larvae transformed into pupae in 2-3 days on 
average and then into adult at about 7
th
 day, so 
the survival percentage was 100% and the 
mortality percentage were zero (Table 1). 
A comparison of all the three 
concentrations on 5
th
 day showed that 30% 
concentration gave 93% mortality, while 10% 
and 20% concentrations showed 80% and 73% 
mortality. The results shown in (Figure 5) 
demonstrated that 30% concentration was 
significantly more effective against Culex larvae 
as it showed highest mortality than lower 
concentrations (10% and 20%). Although 20% 
concentration has less effect than 10% and 30% 
but it can prolong their larval and pupal period. 
While in control group the larvae transformed 
into the pupae within 2-3 days (Table 1). 
 
 
Fig. 5. Comparison of the % mortality of 4
th
 
instar larvae of Culex quinquefasciatus in 
different concentration of boiled leaves on 5
th
 
day. 
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Larvicidal effect of unboiled leaves extract 
The 10% concentration of unboiled leaves 
extract showed 80% mortality of larvae after 5 
days of treatment, while 87% mortality of larvae 
after 6 days. The survival rate of larvae in 10% 
concentration was 13% after 6 days. Unboiled 
leaves crude aqueous extract of 20% 
concentration showed 70% mortality of larvae on 
6
th
 day of experiment while 77% mortality after 7
 
days. The survival rate of larvae was 23% on 7
th
 
day. In 30% concentration 90% mortality was 
recorded after 5 days and 93% mortality was 
observed after 6 days of treatment. The overall 
survival rate was 7% in this concentration. While 
in control group, survival percentage was 100% 
and no mortality was observed. All the larvae 
transformed into pupae within 2-3 days and then 
into adults after 2-3 days (Table 1). 
A comparison of all the three 
concentrations on 5
th
 day showed that 30% 
concentration gave 90% mortality, while 10% 
and 20% concentration s showed 87% and 66% 
mortality. The results shown in (Figure 6) 
demonstrated that 30% concentration was 
significantly more effective against Culex larvae 
as it showed high mortality than lower 
concentrations (10% and 20%). Like boiled 
extract, although 20% concentration has less 
effect than 10% and 30% but it can prolong their 
larval and pupal period. And in control group the 
larvae transformed into the pupae within 2-3 
days (Table 1). 
 
 
Fig. 6. Comparison of the % mortality of 4
th
 
instar larvae of Culex quinquefasciatus in 
various concentrations of unboiled leaves on 5
th
 
day. 
 
 
 
Table 1. Comparison of mortality and survival of 4
th
 instar larvae of Culex quinquefasciatus at different 
concentrations of leaf extracts. 
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Comparison of the efficacy of boiled and 
unboiled leaves extracts 
The results obtained were analyzed using 
One-way ANOVA, comparing experimental and 
control group, with a significance level 
established d at P<0.005. The results shown in 
table 2 indicate a highly significant difference 
between treatments and control. When a 
multiple comparison was made between 10%, 
20% and 30% concentrations of boiled and 
unboiled leaves extracts at 5
th
 day, it showed 
that all the extracts have significant potency 
against fourth instar larvae of Culex 
quinquefasciatus. However 30% concentration 
of boiled leaves extract was found to be most 
effective as it gave 97% mortality in 6 days. 
 
 
Table 2. ANOVA results on the mortality of Culex quinquefasciatus  4th instar larvae treated on the various 
concentrations of the leaves extracts and the control groups. 
Variable compared F-computed P-value Implication 
Control  VS 10% boiled   leaves 21.130 .001*  
At 0.05 level of 
significance. 
 
 
 
*Implies that there  is a 
significant difference 
Control  VS 20% boiled   leaves 45.613 .000* 
Control  VS 30% boiled   leaves 55.858 .000* 
10%  VS 20% boiled leaves 1.018 .359 
10% VS 30% boiled leaves 0.963 .350 
20% VS 30% boiled leaves 0.668 .431 
Control  VS 10% unboiled leaves  44.873 .000* 
Control  VS 20% unboiled   leaves 36.859 .000* 
Control  VS 30% unboiled   leaves 16.303 .002* 
10% VS 20% unboiled leaves 1.750 .243 
10% VS 30% unboiled leaves 0.340 .573 
20% VS 30% unboiled leaves 0,019 .893 
10% boiled VS 10% unboiled leaves 0.175 .685 
20%  boiled VS 20% unboiled leaves 0.847 .376 
30%  boiled VS 30% unboiled leaves 1.255 .289  
 
DISCUSSION 
In recent years much effort has been 
focused on plant extracts or phytochemicals as 
potential sources of mosquito control agents and 
as a viable component of Integrated Pest 
Management (Zhu et al., 2008). Plant products 
have revolutionized the fields of vector control as 
they possess different bioactive components and 
can be used as general toxicants against various 
larval stages of the mosquito (Sukumar et al., 
1991; Mohan et al., 2005). 
The present study evaluates the effect of 
Citrus grandis leaves (10%, 20% and 30% 
concentrations) against larvae of Culex 
quinquefasciatus. The larval mortality was 
observed after each 24 h of exposure. All the 
extracts showed significant larvicidal activity 
against Culex mosquito at 0.05 level of 
significance (p<0.05) however, the highest larval 
mortality was found in 30% boiled extract of 
leaves as it took least time (5 days) to give 97% 
mortality. These results indicate the presence of   
some toxic components in the leaves of Citrus 
grandis which contributed in the mortality of the 
fourth instar larvae of Culex quinquefasciatus. 
While in the control group all the larvae 
metamorphosed into pupae and then into adults 
so the mortality percentage of this group 
remained zero.  
Our results are in accordance with the 
work of Sattar et al. (2012) who observed 
increasing larval mortality with increase in 
extract concentration and increase in exposure 
time in all treatments. Similar results were 
reported by Ubulom et al. (2012) who 
demonstrated larvicidal effect of Blighia sapida 
leaf extracts against mosquito larvae. 
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The plant Citrus grandis used in our study 
gave good results even on larval stage as it 
prolonged its larval duration and then caused 
their death. The phytochemicals present in the 
leaf extracts of Citrus grandis contain alkaloids, 
steroids, flavonoids and tannins. The 
phytochemicals of the plants serve as huge 
storage of compounds that have biological 
action (Howard et al., 2007). Plant barks are 
good source of valuable therapeutic agents as 
they have active components (Shahzad et al., 
2017). Alkaloids, saponins, and tannins are 
known to possess medicinal and pesticidal 
properties (Azmathullah et al., 2011). The high 
mortality rate might be due to the high amount of 
the components (alkaloids, saponins, and 
tannins) in the leaf of the Citrus grandis. Citrus 
plants include limonoids that work both as 
toxicant and feeding deterrent. The results of a 
previous study indicated that the extracts from 
rough lemon and lemon were more effective as 
larvicides (Akram et al., 2010). Various studies 
have demonstrated ethnopharmacological uses 
of plants (Iqbal et al., 2015; Kalim et al., 2016; 
Hussain et al., 2016; Ali et al., 2017; Iqbal and 
Ashraf, 2019; Shuaib et al., 2019).  
The control in current study produced no 
mortality at the various time intervals in the test 
samples. The larvicidal activity could have come 
from no other source but the presence of the 
phytochemicals in the extracts. This suggested 
that these compounds should be considered as 
alternative insecticide candidates for mosquito 
control in breeding sites, especially in cases 
where susceptibility is decreasing.   
        
CONCLUSION 
It is concluded that leaf of Citrus grandis 
could be a potential source of active larvicidal 
agents. The botanical derivatives used in 
mosquito control could diminish the cost and 
environmental pollution instead of synthetic 
insecticides. These results could encourage the 
search for new active natural compounds 
offering an alternative to synthetic insecticides 
from other medicinal plants. 
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